tion by binding to the origin. This replication is bidirectional and would be under the control of RepB itself (11) .
The orf2-specified protein has 53 and 57% identity with proteins encoded by orfx genes present downstream of repB on plasmids pUCL22 (11) and pJW563 (15) , respectively. OrfX does not participate in plasmid replication, and its function remains unknown (11) . The homology lies in two domains localized at the N and C terminal parts of the orf2-encoded protein. Between these two domains, this protein comprises a long helical domain that contains 10 repeats of 11 amino acids (aa) ([N/D]SLEDKQEKA). These repeats are hydrophilic, and the protein is acidic (P i 4.5). Therefore, Orf2 is probably neither involved in DNA binding nor membrane anchored as expected for proteins with such repeats.
The orf3-specified protein has 29.8, 28.4, and 24% identity with the Escherichia coli EcoR124II (8) , Mycoplasma pulmonis (7) , and Haemophilus influenzae (10) endonuclease (R) subunits of type IC R-M systems, respectively. This homology is particularly high at the level of seven helicase-like domains (14, 32) (Fig. 2) . Conservation of these domains suggested that the R subunits of type I R-M enzymes may possess helicase activity, playing a role in local unwinding of DNA at the cleavage sites and in DNA translocation (14) . Recently, Titheradge et al. (40) identified two additional domains (X and Y) which were well conserved among the four enzymes presented in Fig.  2 . Moreover, a 10th domain, localized between domains IA and II, designated Z, is well conserved in R subunits of type IC (Fig. 2) . Conserved domains and sequence homologies suggest that orf3 codes for a type IC endonuclease subunit.
The orf4-specified protein has 36.9, 36.9, and 35.5% identity with the E. coli EcoR124II (21) and prr (42) and M. pulmonis (7) methylase (M) subunits respectively. This identity is in agreement with those (32% [38] ) usually found for M polypeptides, thus indicating that Orf4 could be part of a type IC R-M system. An alignment of the sequences is shown in Fig. 3 (because of the identity between EcoR124II-and prr-encoded M subunits, only that from EcoR124II is shown). Two sequence motifs conserved in the adenine methyltransferases (Fig. 3) . Motif CMI, found in both N and C MTases is the binding site for the cofactor S-adenosylmethionine. This has been shown by mutational analysis of EcoKI N 6 -adenine MTase (45) and by crystallographic studies of C 5 -cytosine HhaI MTase (23). Motif II probably plays a role in catalysis (45) . The aromatic residue has been shown to be essential for methyl group transfer (45) . Moreover, the nature of the conserved amino acid residue preceding PP(Y/F) is characteristic for different classes of MTases and correlates with the base methylation specificity of the enzymes (39, 45) . Therefore, depending on the nature of this amino acid (D, N, or S) and on consensus sequences at two additional conserved motifs (CMIs and CMIII), the subdivision of the N 4 -cytosine and N
6
-adenine MTases into five classes has been proposed (39) . The presence of the NPPY motif together with sequence conservation at the two other domains (Fig. 3) suggests that Orf4 may be an (8), M. pulmonis (7) , and H. influenzae (10) . Sequence accession numbers are U90222, X13145, L25415, and L45919, respectively. Helicase-like domains I to VI (14) and X and Y domains (40) as well as the additional conserved domain Z are shown in boldface letters. Conserved amino acids and conservative or semiconservative substitutions are indicated by an asterisk and a period, respectively. downstream of CMI and LAPKSKADFAF located just upstream of CMIII. They could be significant in relation to special properties of MTases of the type IC R-M systems.
The orf5-specified protein has 26% identity (45% homology) with the putative specificity (S) subunit of a Spiroplasma citri type I R-M system (27). Moreover, Orf5 presents structural organization characteristics of S subunits. Two repeats of 38 aa (designated A and AЈ), present in the central and the Cterminal part of the protein, respectively, have 87% identity. Parts of these repeats are homologous to the repeats (24 aa) identified in all S subunits from type I restriction enzymes (21) (Fig. 4) . Two split repeats (designated D and DЈ), characteristic of type IC S subunits (25), are present in the N-terminal and the central parts of Orf5. Homologies between the central conserved domain and sequences near the N and C termini were proposed to favor a circular organization of the domains of the S subunit, which provides the required symmetry for interactivity with the M subunits and the target DNA sequence (40) .
These sequence homologies and gene structure suggest that orf5 codes for an S subunit which is part of an R-M system including the R (Orf3) and M (Orf4) subunits described above. Based on amino acid identities observed for both R and M, this system must be of type IC. However, the L. lactis HsdS protein lacks the TAEL direct repeats characteristic of S subunits of type IC enzymes (37) , the number of which has been shown to determine the length of the nonspecific spacer between the specific domains of the recognition sequence (2) . Nevertheless, these repeats are absent in the S subunit of the type IC R-M system of M. pulmonis (7) as well as in S subunits of other type I enzymes.
In order to confirm that the region from Orf3 to Orf5 confers the R-M phenotype, a 5,358-bp EcoRV-SacI segment, from position 2968 (309 bp downstream of the start codon of hsdR) to position 8326 (192 bp upstream of the stop codon of hsdS), was deleted from plasmid pIL2614. This segment was replaced by a chloramphenicol resistance cassette recovered from plasmid pGKV259 (43) and previously cloned in pBluescript plasmid (pIL1388) (1a). The construct was designated pIL1032. Phage bIL170 propagated on strain IL1403 showed efficiencies of plating of 3 ϫ 10 Ϫ3 and 1 when plated on strains IL1403(pIL2614) and IL1403(pIL1032), respectively. Phages picked up from plaques formed on the pIL2614-harboring strain were no longer restricted by this strain. In contrast, phages picked up on the pIL1032-harboring strain were still restricted by IL1403(pIL2614) with an efficiency of plating of 5 ϫ 10 Ϫ3 . The loss by pIL1032 of the aptitude to restrict and/or modify the growth of phage bIL170 indicated that the region from Orf3 to Orf5 confers the R-M phenotype. In contrast, pIL1032 still conferred the Abi420 phenotype active on the phage bIL41 (35).
Genes of type I R-M systems of enterobacteria are arranged into two contiguous transcription units, with hsdM and hsdS forming an operon and hsdR being transcribed from its own promoter. The order of the two transcriptional units is different for different families (46) , and this has been proposed as an additional evidence for a horizontal transfer of the hsd genes (40) . This organization differs in M. pulmonis, in which the gene order is hsdS hsdR hsdM, with only one promoter upstream of hsdS and the expression of the genes being con- trolled by inversion of a DNA element (7) . In L. lactis, the absence of consensus sequences for a promoter upstream of hsdR and hsdM together with gene organization and the presence of a putative terminator structure downstream of hsdS (GCCCCTAAGATCTAACCTTTATATCTTAGGGGCTATTT TTTT) suggests that the five genes identified could be transcribed from the promoter located upstream of repB. However, as weak promoters transcribing type I genes are difficult to spot in DNA sequences, functional analysis will be needed to identify transcriptional units. It has been proposed that autoregulation of the RepB protein could be under the control of heat-shock proteins (11) . If this were true, hsd genes would be activated under stress conditions and therefore perhaps after phage infection.
Type I R-M systems are able to evolve rapidly. A single subunit that concomitantly confers sequence specificity to both restriction and modification facilitates the acquisition of new specificities. Moreover, an S polypeptide has two recognition domains, each specifying one component of the bipartite target sequence (2) . In a given family of S polypeptides, the two variable recognition domains are separated by a conserved core sequence. It has been established in vivo (12) and in vitro (13, 16 ) that the hsdS genes can recombine at the level of the conserved domain, creating a functional R-M system with an entirely new specificity.
In conclusion, our report describes the second functionally characterized (7) and the third (47) 
